In this study, we tested the validity of the bispectral index (BIS) monitor during conscious and deep sedation of children by comparing it with the University of Michigan Sedation Scale (UMSS), a validated observational pediatric sedation scale. Eighty-six children Ͻ12 yr of age were enrolled in this observational study. The subjects underwent conscious or deep sedation administered by nonanesthesiologists for diagnostic or therapeutic procedures in four departments in a children's hospital. Sedation medications varied among departments and were not controlled by the study protocol. An independent observer derived a UMSS score at 10-min intervals for 1 h during sedation; personnel administering sedation medications and performing the procedures were blinded to the BIS and UMSS scores. Significant correlation between BIS scores and UMSS scores was found (r ϭ Ϫ0.704, P Ͻ 0.0001), including in subjects Ͻ6 mo of age (n ϭ 6) (r ϭ Ϫ0.761, P Ͻ 0.001). Poor correlation was found when ketamine or an oral combination of chloral hydrate, hydroxyzine, and meperidine were used for sedation. We conclude that BIS correlates well with UMSS scores and may be a valid measure of conscious and deep sedation in children. (Anesth Analg 2003;97:39 -43) T he bispectral index (BIS) monitor was developed by correlating electroencephalogram (EEG) recordings from healthy adult volunteers with clinical data indicative of hypnosis. This large database was then used to calculate a numeric scale from 100, equaling an EEG pattern of an awake and alert adult, to 0, indicating an isoelectric EEG pattern. The goal of the BIS monitor was to provide an objective, quantitative measure of the level of hypnosis for all patients.
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T he bispectral index (BIS) monitor was developed by correlating electroencephalogram (EEG) recordings from healthy adult volunteers with clinical data indicative of hypnosis. This large database was then used to calculate a numeric scale from 100, equaling an EEG pattern of an awake and alert adult, to 0, indicating an isoelectric EEG pattern. The goal of the BIS monitor was to provide an objective, quantitative measure of the level of hypnosis for all patients.
Denman et al. (1) and Bannister et al. (2) showed a correlation between BIS value and end-tidal sevoflurane concentration in children during general anesthesia. However, there are no current studies of EEG changes in children in the presence of sedative drugs, so a need exists for validation of the BIS value in pediatric populations (3, 4) . Until recently, there have been limited tools to reliably measure the depth of sedation in children. With the development and validation of the University of Michigan Sedation Scale (UMSS) for children (5) , the ability to conduct a study to determine the validity of the BIS monitor in children has become more feasible. Therefore, the goal of this study was to determine the validity of the BIS during conscious and deep sedation (6) in children Յ12 yr of age. We hypothesized that the BIS score is a valid measure of the depth of conscious and deep sedation in children.
Methods
This study was approved by our IRB. Parental written informed consent and child assent (when appropriate for age) were obtained for each subject. Eighty-six children aged Յ12 yr were enrolled in this observational study. Subjects were undergoing elective diagnostic or therapeutic procedures involving conscious or deep sedation in the cardiac catheterization laboratory, gastrointestinal endoscopy suite, computerized tomography scanner, or the dental clinic. Patients with endotracheal tubes in place, on ventilatory support, or with known EEG abnormalities were excluded.
The study did not dictate choice or dosage of sedation medications. The sedation medications were administered according to protocols followed by the departments in which the procedures took place.
Although drug dosage varied somewhat among patients, the general drug regimens used in each department are displayed in Table 1 . The physicians administering or supervising the administration of sedation medications were not anesthesiologists and were not investigators in this study. All personnel involved in performing the diagnostic or therapeutic procedures and in administering sedation medications were blinded to UMSS and BIS scores.
The UMSS score is a 5-point observational scale for the depth of sedation: 0 ϭ awake and alert, 1 ϭ minimally sedated (tired/sleepy, appropriate response to verbal conversation and/or sound), 2 ϭ moderately sedated (somnolent/sleeping, easily aroused with light tactile stimulation or a simple verbal command), 3 ϭ deeply sedated (deep sleep, arousable only with significant physical stimulation), 4 ϭ unarousable (5). An independent observer derived and recorded the UMSS score every 10 min for 1 h during the procedure and recorded the doses and times of administration of sedation medications.
A disposable pediatric BIS adhesive sensor was placed on each child's forehead and connected to a BIS monitor (model A2000; Aspect Medical Systems, Newton, MA) as directed by the manufacturer before sedation medications were administered and before each procedure began. BIS was monitored for 1 h during the procedure. The BIS monitor screen was covered during the procedure to ensure that observers were blinded to the BIS score. The protocol called for a second independent observer who was unaware of the UMSS score to record the BIS score every 10 min, and this was achieved in 37 subjects. However, because of manpower problems, a second observer was unavailable for 49 subjects; in those cases, the first observer derived and recorded the UMSS score and then immediately uncovered the BIS screen momentarily to record the BIS score. We recognized the possibility that this could introduce bias that could affect subsequent UMSS scores by providing BIS feedback immediately after deriving a UMSS score, so correlation with and without the second independent observer was performed.
The BIS monitor also displays electromyogram (EMG) activity in graphic form on a scale of 30 -80 dB. This EMG score was recorded by the observer at 10-min intervals along with the BIS score.
Correlation between paired UMSS and BIS scores was determined by applying the Spearman rank correlation test. The number of noncorrelating data pairs (BIS Ͼ90 and UMSS ϭ 2; BIS Ͼ85 and UMSS ϭ 3) observed with each type of sedation were compared using one-way analysis of variance with TukeyKramer post hoc multiple means comparisons. Using 2 analysis, the number of noncorrelating data pairs was compared among groups within the categories of age (0 -6 mo versus Ͼ6 mo) and location in the hospital. EMG activity scores of patients with and without noncorrelating data pairs were compared using an unpaired t-test. P Ͻ 0.05 was considered to be statistically significant.
Results
Significant correlation was found between BIS scores and UMSS scores (r ϭ Ϫ0.644, P Ͻ 0.001) (Fig. 1) . Correlation was significant in subjects Ͻ6 mo of age (n ϭ 6) (r ϭ Ϫ0.761, P Ͻ 0.001) (Fig. 2) . Sixty-nine of the 516 paired data points were deemed noncorrelating pairs (when BIS Ͼ90 and UMSS ϭ 2, and when BIS Ͼ85 and UMSS ϭ 3) (see the right upper quadrant of Fig. 1 ). The incidence of noncorrelating pairs was significantly more frequent in subjects who had received IV ketamine (n ϭ 5 subjects) or the oral combination of chloral hydrate, hydroxyzine, and meperidine (n ϭ 12 subjects) (P ϭ 0.003) (Fig. 3) . When data from subjects receiving these two sedation regimens were removed from analysis, the correlation between BIS scores and UMSS scores improved (r ϭ Ϫ0.704, P Ͻ 0.0001) (Fig.  4) . The incidence of noncorrelating pairs was not significantly different among subjects grouped by age (P ϭ 0.213) or location in the hospital (P ϭ 0.158). Mean EMG activity was similar in subjects with (46 Ϯ 2.8 se dB) and without (47 Ϯ 1.2 se dB) noncorrelating data pairs (P ϭ 0.95). Correlation was significant whether one or two independent observers were used. When two observers were used (one to record the BIS score and the other to derive the UMSS score), r ϭ Ϫ0.696 (P Ͻ 0.0001). When one observer was used, r ϭ Ϫ0.608 (P Ͻ 0.0001).
Discussion
The results of this study demonstrate that the BIS may be a valid monitor of depth of conscious and deep sedation in the spontaneously breathing child. BIS scores correlated significantly with their paired UMSS scores. In this series, the BIS was also valid in a small group of infants aged less than six months. We believe that these results are important because the BIS has several potential advantages over observational scoring systems. It is objective and easy to use. Unlike observational scales, assessment does not need to be interrupted during procedures to avoid patient movement because the BIS requires no verbal interaction or physical stimulus to the patient that may disrupt the procedure. Inter-observer variability is not an issue. If our results are confirmed by other studies, the BIS could become a useful monitor during sedation of children, not only to measure depth of sedation, but also to guide dosing of sedation drugs.
Choosing a scoring system for comparison to the BIS was not straightforward, because a "gold standard" does not seem to exist in pediatric practice. Scoring systems for depth of sedation in children are few, and each has disadvantages. The Ramsay score (7) and the Observer's Assessment of Alertness/ Sedation Scale (8) have been applied in pediatric studies, but were designed for adults. The COMFORT score (9) has application in children who are sedated, intubated, and mechanically ventilated. The UMSS is a validated observational scale that has been shown to be reproducible among observers (5) . Although the UMSS was validated in children of a narrower age range during less-invasive procedures than those of our study, both the subjects and setting were more similar to ours than were those of other scoring systems. The chief disadvantage of the UMSS (shared with other observational scores) is that determination of a UMSS score of 3 or 4 requires observation of a response to "significant physical stimulation" (5) . In many cases, the stimulation was provided by the procedure itself, but the application of additional noxious stimulation could have disrupted the clinical procedures for which the sedation was given. Thus, the observers were reluctant to apply vigorous physical stimuli to sedated children and did not assign a UMSS score of 4 to any patient. It is plausible that some subjects with low BIS scores who were assigned UMSS 3 should have been UMSS 4, indicative of general anesthesia.
When evaluating our data, some of the paired values were noted to be noncorrelating, i.e., UMSS scores of 2 or 3 indicated adequate sedation, but high BIS scores indicated wakefulness or inadequate sedation. We considered possible explanations for this discrepancy, including sedation drug regimen, age, and EMG activity.
Regarding sedation drug regimen, adults receiving ketamine had high BIS scores during adequate anesthesia (10, 11) . Narcotics can provide sedation without hypnosis. High BIS scores were measured during sedation procedures that were observed to be satisfactory when an oral sedative combination similar to that of this study was used for pediatric dental procedures (12). However, BIS and observed sedation scores did correlate when oral midazolam was administered to children aged 10 -14 years (13) . Analysis of our data demonstrated that patients receiving IM or IV ketamine or the oral combination of chloral hydrate, meperidine, and hydroxyzine were significantly more likely to have noncorrelating data pairs than were patients receiving other sedation drug regimens (Fig.  3) . Age is a potential issue because the BIS algorithm was developed using adult EEG data, and BIS scores in infants less than six months of age have been noted to be unreliable during general anesthesia (2) . Although our study was not designed to vigorously test the effect of age on BIS, noncorrelating data pairs did not occur in any subject less than six months of age.
Excessive EMG activity has been shown to inhibit the ability of BIS to measure depth of hypnosis and may cause the BIS to report falsely increased numbers (14) . The presence of noncorrelating data pairs was not associated with EMG activity in our subjects.
A weakness of our study is that, because of manpower limitations, a second independent observer was not always available to record the BIS scores. When only one observer was used, the observer derived a UMSS score and then immediately uncovered the BIS monitor and recorded the BIS score. This could have resulted in bias of the observer when determining the UMSS score at the next 10-minute interval. If this bias had been present, we would expect better correlation of BIS and UMSS scores in subjects with only one observer. Because this did not occur, bias does not seem to have influenced our conclusion.
This study addresses the need for validation of the BIS monitor in children and represents the initial step in developing a protocol for use of the BIS during sedation of children. We conclude that the BIS monitor may be a valid tool for measuring depth of sedation in pediatric patients, depending on the sedation regimen used. Further investigations of the clinical applicability of the BIS should be pursued. Correlation between bispectral index (BIS) and University of Michigan Sedation Scale (UMSS) scores of 69 subjects (414 data pairs) after exclusion of subjects who received ketamine or oral combination of chloral hydrate, hydroxyzine, and meperidine (r ϭ Ϫ0.704, P Ͻ 0.0001).
